Abstract. Gauge-invariant fields in hadrons are defined through the Wilson loop and written in terms of gauge-invariant field correlators. Dynamical equations for fields are considered. It is shown that at small distances in the leading order α s aproximation they correspond to Maxwell equations with electric current and reproduce in particular the color-Coulombic OGE potential. At larger distances nonabelian triple field correlators lead to the emergence of circular effective (white) magnetic currents and screening of the electric charge.
INTRODUCTION
As is known, it is rather difficult to treat the quantum chromodynamics in hadron region because it is formulated in terms of color degrees of freedom, while hadron states are colorless. We propose to handle the problem using white effective fields defined through the Wilson loop. Relying just on the QCD, we shall derive dynamical equations for these fields and expressions for effective electric and magnetic conserved currents. Then we shall analytically calculate distributions of effective fields and currents in the case of static quark and antiquark in the method of field correlators, and derive the relation between the scale QCD parameter and the string tension [1] .
EFFECTIVE FIELDS AND DYNAMICAL EQUATIONS
The Wilson loop, written using the nonabelian Stokes theorem as the integral over the surface S bounded by the contour C, has a form
where
is covariantly shifted strength of the gluon field, Φ(x, y) = P exp ig y x A a µ (z)t a dz µ is the parallel transporter, which transforms under gauge transformations as Φ(x, y) → U + (x)Φ(x, y)U (y).
The gauge-invariant field is then defined as the derivative of the vacuum average of the trace of the Wilson loop over the element of the surface S,
One has to choose the surface S and trajectories connecting reference point x 0 ∈ S to point x to complete the definition. Where confining fields are concerned, it is naturally to choose the minimal surface of Wilson loop and shortest trajectories. Then one arrives at the definition of "connected probe" [2] . Note that for the rest of this section the specification of surface and trajectories is inessential. In the case of elecrodynamics the expression (2) defines the distribution of classical fields satisfying Maxwell equation with current g 2 J µ (x) = g 2 C dz µ δ (4) (z − x), and may therefore be interpreted as covariant generalization of the Biot-Savart law. In nonabelian case one can use the relation for differentiation of parallel transporters,
where the second term arise due to the displacement of the integration contour, to obtain effective Maxwell equations with "magnetic current"
Gauge-invariant (colorless) currents k J µ and j J µ in (4) are expressed through vacuum averages of products of the Wilson loop, parallel transporters and covariantly shifted field strengths, see [1] . In the leading order of α s the second term of (3) does not contribute, and using Bianchi identity and dynamical equations of QCD one finds that
This means in particular that the static color-Coulomb OGE potential is reproduced in terms of effective fields. The lowest (nonperturbative) contribution to the magnetic current is due to the triple correlator,
It is produced by the "displacement" term in (3).
DISTRIBUTIONS OF ELECTRIC FIELDS AND MAGNETIC CURRENTS FOR STATIC QQ PAIR
Distributions of effective fields (1) for static quark and antiquark may be calculated in the method of field correlators [3] , [4] . In this case the magnetic part of the effective field vanishes, and the electric field has the form
where z = (r − nl,t); R is the vector directed from quark to antiquark, and n = R/R. The field (6) is defined through functions D and D 1 , which parametrise the behavior of two-point gluon field strength correlators, see e.g. [5] and refs. therein. The function D decreases exponentially, D(z) ∼ exp(−|z|/λ ), where λ = 0.2 fm is the correlation length of gluon fields calculated, e.g., in [6] . The corresponding field E D i has a form
where K 1 is the McDonald function and σ = 0.18 GeV 2 is the string tension. At large QQ-separations R ≫ λ the distribution (7) forms the string with the universal profile 
The nonperturbative part, ensuring the screening of the Coulomb charge and confinement of gluons, will be calculated in the following section. We apply now the Ampére law, k i = ε i jk ∇ j E k (see (4)), to expressions (6), (7) to calculate the distribution of magnetic current, and obtain circular currents shown in Fig. 1 . Note that only E D i contributes to magnetic current. The distribution of ϕ-component of the magnetic current in cylindrical coordinates, corresponding to the universal profile of electric field, has the form k ϕ (ρ) = −2σ ρ/λ 2 exp(−ρ/λ ). It satisfies the London's equation,
SCREENING OF THE STRONG COUPLING
Let us consider the remaining part of Maxwell equations (4) for static QQ, the Gauss law ∇ i E i = ρ, for E i defined in (6)- (8), and recover the missing nonperturbative field E to the equation
Solving this equation, we obtain two spherical distributions E D 1 ,np (r) around quark and antiquark, so that
where the "screening" chargeQ(r) = (2σ λ 2 /π) r/λ 0 x 3 K 1 (x)dx leads to the vanishing of the total charge at distances r ≫ λ . The condition Q(r)| r→∞ = 0 determines the relation between parameters, C F α s | r→∞ = 3σ λ 2 . Let us stress that the central field (9) vanishes at r ≫ λ both outside and inside the string: the isotropic dielectric function ε, defined as E
Vector distribution of total field E i (6), (7), (9) for constant α s is shown in Fig. 2 . One can see the color-Coulomb central field near quark and antiquark, and confining string (tube) in between them.
We should note that distributions of gauge invariant fields and currents, similar to ones shown in Figs. 1 and 2 , were calculated on the lattice in the method of abelian projection [7] . The resemblance is not surprising, since the effective field (1) presents a kind of projection related to the minimal surface of Wilson loop.
The behavior of charge Q(r) is shown in Fig. 3 for classical (a) and quantum (b) cases. One can see the decrease of the charge, or the "screening". The quantum case is treated according to [8] , where it was shown that confining fields in background perturbation theory lead to the modification of the logarithmic running coupling according to α s (q 2 ) → α B (q 2 ) = α s (q 2 + 1/λ 2 ). The background coupling α B freezes at large distances, α B (r)| r→∞ = α s (λ ). This way one arrives at the relation between the scale parameter Λ QCD and the string tension σ ,
As was discussed in [9] , the value of Λ QCD = 240 MeV measured in lattice [10] in MS regularizational scheme at N f = 0 yields α s (λ ) = 0.42, which satisfies (11) values λ = 0.2 fm and σ = 0.18 GeV 2 . Let us also note that phenomenon of the decrease of the QCD running coupling in infrared region was studied in lattice Landau gauge QCD and reported at this Conference [11] .
SUMMARY
We have discussed in the talk that gauge invariant effective field, determined as surface derivative of the Wilson loop in gluodynamics with external currents, justifies Maxwell equations with classical current of Wilson loop at small distances. The mechanism of confinement in terms of effective fields is related to circular effective magnetic currents, which are expressed through three-point gluon field strength correlators, and the screening of the color-Coulomb part of the field. The phenomenon of the screening leads to the relation between the scale parameter of QCD and the string tension 
